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[57] ABSTRACT 

In a system for assigning to given user terminals in a 
multiple-user DAMA communication system access to 
time slots of a time frame within which to transmit 
messages identified in message-access requests from 
different given user terminals, a plurality of message- 
access requests from different given user terminals are 
stored in a memory and then processed to schedule the 
identified messages for transmission. First the stored 
requests are processed in accordance with predeter- 
mined priority constraints, in accordance with informa- 
tion contained in the message-access requests identify- 
ing transmission parameters of the respective identified 
messages and in accordance with the number of avail- 
able time slots to thereby select a set of the respective 
messages for access-assignment to the available time 
slots; and then the message-access requests for the se- 
lected set of messages are processed to assign access to 
different combinations of the time slots for respectively 
transmitting the different messages of the selected set of 
messages. Access-assignment information identifying 
the time slots for which access has been assigned for the 
respective given user terminals is transmitted to a prede- 
termined group of given user terminals during a com- 
mon block of time slots, and the access-assignment in- 
formation for different predetermined groups of user 
terminals is transmitted non-simultaneously to the dif- 
ferent predetermined groups of user terminals. 

10 Claims, 3 Drawing Sheets 
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the processing means proceeds through the stored mes- 

ACCESS ASSIGNMENT IN A DAMA sage-access requests. If no conflicts exist the processing 

COMMUNICATION SYSTEM means assigns time slots in the earliest available portion 

of the time frame to highest weighted burst. The user 

BACKGROUND OF THE INVENTION 5 terminals arc associated with different organizations. 

The present invention is generally directed to clec- with some organizations being aviated with more 

ironic data communications and is particularly directed ^^an one of the user terminals; and the messagc-acc«s 

to an improvement in a system for assigning access to requesu identify the organization associated with the 

time slots in a multiple^hannel demand-assignment- user terminal and indicate a pnonty set by the organiM- 

multiple-access (DAMA) communication system. >° tion for processing the message-access requests of the 

DAMA communication systems are particularly use- identified organization. To ensure that such pnonty is 
ful in a network of user terminals that communicate observed, the scheduling procedure includes a back- 
with each other via a common communication link, tracking routine, which is performed whenever, after 
such as a transponder in a communication satellite in access to the time frame is assigned, a high priority 
Earth orbit. When a large number of user terminals message has not been scheduled and the aggregate dura- 
share such a common communication link, it is neces- tion of scheduled lower priority messages exceeds the 
sary to assign different portions of the time and fre- duration of the high priority message. In the backtrack- 
quency spectrums for messages transmitted by the dif- ing routine, the assignment of time slots for the lowest 
ferent user terminals to prevent interference between priority scheduled message is rescinded and the bursts 
different messages that are transmitted simultaneously are again weighted and sorted to effect the time slot 
throughout the network. In a DAMA communication assignments as described above. The backtracking rou- 
sysiem, access to a plurality of different given user tine is repeated whenever necessary to observe priority, 
terminals is assigned in such a manner as to quickly and fhe backtracking routine can on occasion delay the 
efficiently establish the communications linke for a scheduling to such an extent that scheduling is not corn- 
large number of user terminals. ^j^^^^ before it is time to transmit. 

A prior art system for assigning to given user termi- 
nals in a multiple-user DAMA communication system SUMMARY OF THE INVENTION 
access to time slots of time frames of a plurality of fre- jj^^ present invention provides a system for effi- 
quency channels within which to transmit messages ^-^^^^^ assigning to given user terminals in a multiple- 
identified in message-access requests from different 30 communication system access to lime slots of a 
given user terminals includes: means for stonng a plu- ^-^^ ^^^^ ^^-^^ transmit messages identified 
rality of message-access requests from different given message-access requests from differe n t given user 
user tenninals; means for processing the stored mes- ^^^^^^ Such ■efrig? CT ' cylts t a ' ccom 'Plijh7d'bTbTg5£iRg 
sage-access requests to schedule the Identified messages ^j^^hc*pro<S^sinSl6fltlifeimessagew 
for transmission in accordance with information con- 35 ^^Pj^^ ^ ^^^ ^^e pr^nt invention includes 
tamed in the message-access requests iderrtifying trans- plurality of message-access requests 
mission parameters of the l^P^^'^Zl^^'f'^^^^ from different given user tenninals; means for process- 

and m accordance with the number of available time . , . * ../.vJ^^Ia th^^ 

slots by assigning access to different combinations of the ^/ the stored message-access .^^^^^^ 

time slots for respectively transmitting different mes- 40 '^^^ 

sages identified bV the processed m^sage-access re- predetennmed pnonty constmmts. in accordance with 

quests; and means for transmitting assignment infonna- |nfonnat.on contamed m the message-access requests 

tion TO the given user tenninals identifying the time slots Identifying transmission parameters of the respective 

for which access has been assigned for the respective identified messages and in accordance wi h the number 

given user tenninals. with the assignment infonnation 45 of avaJable time slots to thereby select a set of the 

for different predetennined groups of user tenninals respective messages for access-assignment to the avail- 

being transmitted simuluneously to all of the different able time slots; and means for processing the message- 

user terminals. The stored message-access requests may access requests for the selected set of nriessages to assign 

be reprocessed from lime to time, such as every given access to different combinations of the time slots for 

number of time frames, in order to reassign access to 50 respectively transmitting the different mosages of the 

different combinations of the time slots for respectively selected set of messages. Since the set of message re- 

transmitting different messages. This allows frequent quests that arc ultimately processed to assign access to 

preemption of prior access assignments in favor of new the time slots are fimi selected m accordance with pre- 

messages of higher priority. detennined priority constraints, the final access-assign- 

Qhlv^alsegment«of,a>i.v Dical^message-iS-transmitted 55 ment processing usually can be accomplished without 

du ring.eacKtimeJrame,Ea^,s5 a^entiQlithcimessa'8eis having to backtrack to satisfy pnonty constrainu. 

r^nmSrSiainSQMlmKa In a separate aspect, the present mvention provides 

dimngionlyJaTpi6rti5iS«5f'aK?«lir^ efficient transmission of the provided access assign- 

CTieiPAOced uretforJassigmn g»theiti metslots i^^^ ^ ments to the user tenninals in a system for assigning to 

packithelm'essatfeljgut^ljSgti^^ given user tenninals in a multiple-user communication 

th WiHeT€nt15Ur.temiiIals^m su ch system access to time slots of a time frame within which 

a nSSHSB^SSmmmtz eiu^^ to transmit messages identified in message-access re- 

adhTring to equipment, protocol, connectivity, and quests from different given user terminals. Such system 

priority constraints. To achieve this objectiv e, tfiwe ipt» includes means for storing a plurality of message-access 

fungtioniisig omputi&aifg^gSgffiH?^ 65 requests from different given user terminals; means for 

weight function reflects the relative difficulty expected processing the stored message-access requests to sched- 

in finding time slots assignable to the unscheduled burst. ule the identified messages for transmission in accor- 

The unscheduled bursts are then sorted by weight; and dance with information contained in the message-access 
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requests identifying transmission parameters of the re- 
spective identified messages and in accordance with the 
number of available time slots by assigning access to 
different combinations of the time slots for respectively 
transmitting different messages identified by the pro- 5 
cessed message-access requests; and means for transmit- 
ting assignment information to the given user terminals 
identifying the time slots for which access has been 
assigned for the respective given user terminals, with 
the assignment information for a predetermined group 10 
of given user terminals being transmitted during a com- 
mon block of time slots, and with the assignment infor- 
mation for different predetermined groups of user ter- 
minals being transmitted non-simultaneously to the dif- 
ferent predetermined groups of user terminals. IS 

Advanuges and additional features of the present 
invention are described in relation to the description of 
the preferred embodiment. 



BRIEF DESCRIPTION OF THE DRAWING 



20 



FIG. 1 is a block diagram of a multi-user communica- 
tion system including an access-assignment system in 
accordance with the present invention. 

FIG. 2 is a diagram showing an array of time slots in 
different frequency channels, and those lime slots used 25 
for transmitting certain control information to the user 
terminals in the system shown in FIG. 1. 

FIG. 3 is a timing diagram showing a succession of 
the lime frames shown in FIG. 2. 

FIG. 4 is a diagram illustrating certain processing 30 
functions performed by the stored request processor in 
the system shown in FIG. 1. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENT 



35 



Referring to FIG. 1, in a preferred embodiment of a 
muhi-user communication system according to the 
present invention, a control terminal 10 includes a trans- 
ceiver modem 12, a message-request memory 14, a mes- 
sage-request sorter 16, a request-matrix processor 18, a 40 
selected -request processor 20, an assignment-schedule 
memory 22 and a terminal -parameters memory 24, all of 
which (except the transceiver modem 12) are embodied 
in a digital computer. The multi-user communication 
system further includes a plurality of n user terminals 45 
Ui» U2. • • . Ufl, which communicate with each other 
and with the control terminal 10 via their respective 
antennas Aj, A2, . . . , An and Ac and a transponder in 
a communication satellite S that is in Earth orbit. In an 
alternative embodiment (not shown), the transponder is 50 
located on Earth rather than in orbit. Each user termi- 
nal includes only one transceiver modem, although the 
transceiver modem may have a plurality of ports for 
time-division-multiplexed operation. Given user termi- 
nals are capable of operating in different frequency 55 
channels; although a given user terminal can transmit 
over only one frequency channel at a time and can 
receive over only one frequency channel at a time. 

Messages between the user terminals and between the 
user terminals and the control terminal ID are communi- 60 
cated over a plurality of different frequency channels 
during a plurality of different time slots T, as shown in 
FIG. 2. FIG. 2 shows each of four different frequency 
channels over a single time frame. The time slots are 
combined by the control terminal 10 to provide as- 65 
signed -access time blocks of different durations suffi- 
cieni to accommodate the requested messages. The 
assigned -access block of time slots for a given message 



can be within a single frequency channel such as mes- 
sage Ml, or spread within a plurality of frequency chan- 
nels, such as message M2. 

Control information generated by the control termi- 
nal 10 for transmission to the user terminals is inserted 
during the same time slots during each time frame for a 
sequence of n time frames. See FIG. 3. The control 
information is continuously updated by the control 
terminal 10, and new control information is transmitted 
by the control terminal 10 to the user terminals during 
every set of n lime frames beginning with frame 1, n-i- 1, 
2n-l-l 

The control information that is transmitted by the 
control terminal 10 to the user terminals includes a 
preamble P and information A, B. C to different prede- 
termined groups of user terminals identifying the time 
slou for which access has been assigned for respective 
given user terminals in the different groups. The The 
assignment information A, B, C transmitted during one 
set of n time frames identifies the time slots for which 
access has been assigned for the user terminals during 
the set of n time frames. As may be seen in FIG. 2, the 
assignment information A. B, C for different predeter- 
mined groups of user terminals is transmitted non-simul- 
taneously to the different predetermined groups of user 
terminals. The assignment information for a given pre- 
determined group of user terminals is transmitted in 
only a single frequency channel at any one time. Thus, 
while the user terminals of one group receive their burst 
assignments on one of the frequency channels, the user 
terminals in the remaining groups have access to the 
remaining frequency channels. The assignment informa- 
tion A, B, C for a predetermined group of user terminals 
is transmitted during only a minor portion of the time 
frame. 

To make full use of all of the frequency channels, the 
user terminals are partitioned into groups according to 
link quality. By grouping user terminals of like link 
signal -to- noise ratio together, their access-assignments 
may all be transmitted at a higher rate, whereby the 
number of limes slots required for such transmission is 
minimized. User terminal group sizes are also limited so 
that no user is ever required 10 listen for the access- 
assignment information for more than fifteen percent of 
the time frame. This leaves 85% of the frame assignable 
for user data and voice messages. 

Grouping of user terminals also can be used to reduce 
the number of user terminals sharing a single crypto 
key. If multi-level security is required for the control 
information, then multiple crypto keys cjui be used and 
the user terminals can be further partitioned into 
groups. Two user terminals would only be members of 
the same group if they share a crypto key for receiving 
the conirol information. 

The control information that is transmitted by the 
control terminal 10 to the user terminals also includes 
information 1 indicating the respective times when the 
assignment information A. B, C will be transmitted for 
each of the different predetermined groups of user ter- 
minals and information indicating the respective times 
when the user terminals can transmit message-access 
requests to the control terminal 10. The control infor- 
mation 1 is simultaneously transmitted to all of the given 
predetermined groups of user terminals. Those time 
slots T in each time frame not occupied by the preamble 
P, the control information 1 and the assignment informa- 
tion A, B, C are available for access assignment for 
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messages requested by the user terminals for communi- 10, October 1979, 1449-1455. and Bongiovanni, Cop- 
cations to and from the user terminals. persmiih and Wong. "An Optimum Time Slot Assign- 
Messages arc transmitted and received by the control ment Algorithm for an SS/TDMA system with van- 
terminal 10 the uansccivcr 12 and the control termi- able Number of Transponders", IEEE Transactions on 
nalantennaAc . . 5 Communications. Vol. COM-29, No, 5, May 1981. 

The contro terminal 10 assigns to given user termi. 721.726. the disclosures of which are incorporated 
nals access to time slots of a time frame within which to hmin by reference 

fer^mt .rivAn im^irsJ. /^r *** ccsscs thc sclcctcd mcssage-acccss requests 30 to pro- 

Sfystem^^^^^^^ ^« ^ ^^^^^ ac^-assignm^m schedules 32 

The received messagc-access requests 26 are initially ^^i^^.^ng i" « ^^^1 access-assigmnent schedule 34, 
stored in the message-access request memory 14. ^^^^^ ^ provided to the transceiver modem 12 for 

Thc user terminals Ui. U2. . . . . U« are associated with transmission. Each of the succession of access-assign- 
differeni organizations, with some organizations being 15 schedules 32 is stored in the assignment-schedule 
associated with more than one of thc user terminals. memory 22 as provided by the selected-requests proces- 
The message-access requests 26 identify the organiza- ^ assignment-schedule memory 22 retains at 

tion associated with thc user terminal and indicate a ^« ^« succession of accrss-assignment 

priority set by the organization for processing the mes- schedules 32; and the latest access-assignment schedule 
sage-access requests of the identified organization. 20 ^ stored in thc assignment-schedule memory 22 prior 

The message-access request sorter 16 sorts the mes- beginning of thc time frame in which transmission 

sage-access requests 26 and arranges the sorted mes- of a complete set of assignment information to all of thc 
sage-access requests 26 for storage in thc message- predetermined groups of the user terminals commences, 
access request memory 14 in accordance with the indi- is the assignment information that is transmitted to the 
cated priorities. Separate request queues are maintained 2S terminals. This assures that at least the best assign- 
in the memory 14 for the requests from each organiza- nienl schedule that the selected -requests processor 20 
tion. has been able to provide prior to thc time for transmis- 

Thc request-matrix processor 18 processes a matrix sion will be transmitted, even if thc selected-requests 
28 ofthe highest priority stored message-access requests processor 20 does not fully complete processing the 
in the different queues of the memory 14 from the dif- 30 selected message-access requests 30 prior to thc time for 
ferent identified organizations in accordance with infor- such transmission. 

mation contained in the message-access requests 26 For each block of time slots that is assigned to a 
identifying transmission parameters of the respective requested message by the selected-requests processor 
identified messages, in accordance with thc parameters 20, the scheduled access-assignment 34 that is iransmii- 
of the transmittmg terminal and the receiving terminal, 35 ted to a user terminal identifies a carrier frequency, a 
and in accordance with the number of available time surting time slot, and ending time slot, a burst code, and 
slots to thereby select a set of the respective messages a message length. The burst code defines the preamble 
for access-assignment to the available time slou. The type, modulation scheme, burst rate and forward error 
terminal parameters are provided to the processor 18 correction scheme. The message length is the number of 
from the termina^-parametcrs memory 24. The terminal 40 bits of end user data that is to be transmitted in the 
parameters are those for the user termmals and the messaee burst 

control terminal 10, and include whether the trans- i>^f!^n» t« Pir-c 1 a 

ceiver modem of the terminal is full or half duplex. ^^^'^'^"^ ' "^f l^^ ^«»^«t.matnx pro- 

bandwidth limitations, accessible frequencies, burs lessor " performs a number of proces^^ 

preambles, clock accuracies, code r.xJ^on baud rates. 45 select a set of the r^pective messages for ac- 

burst rates, modulation schemes, and frequency settling ' <^:ass.gnment to the availaW^ 

performance processor 18 performs a routme 40 of com- 

The processing routines performed by thc request- P"*!"8 durations of the messages for the next request 
matrix processor 18 in order to select a set ofthe respec- """^""^ ^^^^^ ^ ^^^^^ message-request 

tive messages for access-assignment to the available 50 ^^^^^ ^ P^^" request may be for more than one 
time slots is described later with reference to FIG. 4. message. For example, a given message request may call 

The selected-requests processor 20 means for pro- ^ access assignment for a message transmitted from 

cessing thc selected message-access requests 30 for the terminal Vi to user urminaJ U2 and for an access 

selected set of messages to assign access to different assignment for a message transnutted from user terminal 
combinations of the time slots for respectively transmit- 55 ^2 to user terminal Uj. 

ting the different messages of thc selected set of mes- The request-matrix processor 18 computes the dura- 
sages. As described above with reference to FIG. 2, thc lion(s) of the message(s) for which access-assignment is 
selected-requests processor 20 assigns access to differ- requested by processing information contained in the 
ent combinations of the time slots T in a plurality of message-access request identifying transmission param- 
different frequency channels for respectively transmit- 60 ^*^rs of the identified message(s), and information re- 
ting the different messages of the selected set of mes- trieved from thc terminal-parameters memory 24 identi- 
sages. The selected -requests processor 20 schedules fying the parameters of the transmitting terminal and 
access assignmenu in accordance with such algorithms the receiving terminal affected by the request being 
as described in Hopcroft and Karp, "An Algorithm processed. 

for Maximum Matchings in Bipanitc Graphs", SIAM J. 63 Only a segment of a typical message is transmitted 
Compui. 2:225-231, 1973; Inukai. ''An Efficient during each time frame, with each segment of the mes- 
SS/TDMA Time Slot Assignment Algorithm", IEEE sage being compressed into a message burst. Each mes- 
Transactions on Communications, Vol COM.27. No. sage burst typically includes a preamble, start-of-mes- 
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sage (SOM) bits used lo mark the beginning of data. forms the routine 46 in which the computed durations 
dau, and a guard band. for the request being processed are removed from the 

The following formula is used to determine the num- terminal-and-duration matrix. The request-matrix pro- 
ber of time slots required for assignment to a given cessor 18 then again performs the routine 40 of comput- 
message: 3 ing the durations of the messages for the next request in 

the request matrix 28 stored in the message-request 

NUMBER OF TIME SLOTS = memory 14. 

If the total computed duration of all the messages to 
^^^^ wm^'^^^ GUARD TIME be received by any of the terminals affected by the 

. TIME ^ME DILUTION , rcquest being processed does not exceed the duration of 

' TIME SLOT DURATION ' the time frame, the request-matrix processor 18 next 

performs a duration-constraint routine 50 in which it 
Blocks of time slots for accommodating a broad determines whether the total of all the durations in the 
range of burst preambles, clock accuracies, code rates. icrminal-and-durauon matrix exceeds the total duration 
port baud rates, burst rates, and modulation schemes 15 of the available time slots. 

can be defined through this approach. jf the total of all the durations in the terminal -and- 

The request-matrix processor 18 next performs a duration matrix exceeds the total duration of the avail- 
routine 42 of insening the computed durations in a ^^le time slou, the request-matrix processor 18 next 
terminal -and-durat ion matrix for further processing. An performs a routine 46 in which the computed durations 
example of a lerminal-and-duration matrix is shown 20 ^j^^ request being processed arc removed from the 
below. terminal-and -duration matrix. The request -matrix pro- 

cessor 18 then again performs the routine 40 of comput- 
RECEIVING TERMINAL ing the durations of the messages for the next request in 

the request matrix 28 stored in the message-request 
memory 14. 

If the total of all the durations in the icrminal-and- 
duration maxtrix does not exceed the total duration of 
the available time slots, the request-matrix processor 18 
next performs a routine 52 in which it determines 
... , whether Goldberg^s constraint is satisfied. 

The terminal-and-duraiion matrix mdicates the com- Goldberg's constraint provides that for any group of 
puted durations of messages to be transmitted and re- ^ terminals in a communication network, if t is the total 
ceived by each terminal in the network, mcludmg the ^^^^^ ^^^^ ^j^^ required for the messages transmit- 
control terminal C as well as the user terminals. For received by the terminals of such group to or 

example the left most entry m the second honronta 35 ^^^^ ^^^^^^ ^^^^^ ^^^^ 

row of the matnx mdicates that a block often time s^o s ^.^^ ^^^^ .^^ ^^^^j^ messages 

has been allocated for user termmal U, to send a mes- ^^^^^^ ^^^^^^^ ^^^^ ^^^^p ^ ^ 
sage to the control terminal C. [r/IK/ai- If the quantity K/2 is not an integral 

The request-matnx processor 18 next p^^^^^ Lmber. fractional portion U truncated, 

ternimal-constrainl routine 44 in ^^^^'^^ ' . f }x is necessary to determine whether or not Gold- 

whether ^^"^^^'^^^^^^^^^ be g's constrainTis satisfied whenever any terminal in a 
to be transmitted by any of the terminals affected by he 

request being processed exceeds the duration of the fj;^;;P^„^^^,y transmitting and receiving. 

'"'^^Hotal computed duration of all the messages to 45 ^ For example, for a group f 

be transmitted by any of the terminals affected by the ^ which terminal X and 

request being processed exceeds the duration of the terminals Y and Z are full ^."P^^^^^^i^^^ 

time frame, fhe request-matrix processor 18 next per- the number of tune slots requir«^ ^^Z^^Tnl^^d 

forms a routine 46 in which the computed durations for ted to or received from ^^T"^ .^^^^^ 

the request being processed are removed from the ter- 50 Z is 20 and the number of time s ois '^^^^J^' "^^- 

minal-and^uration matrix. The request-matrix proces- ^ges transmitted and received 

sor 18 then again performs the routine 40 of computing Z « 10. the touU number of time slo^requir^ to sched- 

the durations of thVmessages for the next request in the ule messages between the terminals Y and Z is 10, the 

request matrix 28 stored in the message-request memory total ""-^^rof time sloU requ^ed to sc^^^^ messages 

55 between the terminals X, Y and Z is [pO/3/4fl = 50. Note 

if the total computed duration of all the messages to thai the quantity CK/2= 3/2 is truncated to equal 1). 

be transmitted by any of the terminals affected by the ^^'^^^J^'!, ^"f traint is (^^hcr discussed in a paper 

request being processed does not exceed the duration of by Mark K. Goldberg, entitled * Edge-Cotormg of MuL 

the time frame, the request-matrix processor 18 next ^'^raphs: Recoloring Te^^^ 

performs a second lerminal^onstraint routine 48, in 60 nal of Graph -nieory, Vol. 8 (1984) 123-137 the disclo- 

which it determines whether the toUl computed dura- sure of which is mcorporated herem by reference, 

tion of all the messages to be received by any of the Chromatic graph theory provides an excellent model 

terminals afTecied by the rcquest being processed ex- for assigning time slots in a multi-user DAMA commu- 

ceeds the duration of the time frame. nication system. The user terminals are represented by 

If the total computed duration of all the messages to 65 vertices. Messages requests between user terminals are 

be received by any of the terminals afTecied by the represented by edges connecting the vertices. Multiple 

request being processed exceeds the duration of the edges are used, one per time slot requested. Thus, the 

time frame, the request-matrix processor 18 next per- underlying model is a muhigraph— a graph with multi- 
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pie edges (but no edge connecting a vertex to itself in 
this application). Scheduling access assignments corre- 
sponds to edge colorings of the multigraph. Each color 
represents a time slot. Edges sharing a vertex must be 
colored differently so that a user terminal will not be S 
required to simultaneously participate in two different 
requests. A schedule will exist if the number of colors 
used does not exceed the number of time slots in the 
frame and if the number of edges colored the same color 
never exceeds the number of frequency channels al- 10 
lowed. 

If Goldberg's constraint is not satisfied, the request- 
matrix processor 18 next performs a routine 46 in which 
the computed durations for the request being processed 
are removed from the terminal-and-duration matrix. IS 
The request-matrix processor 18 then again performs 
the routine 40 of computing the durations of the mes- 
sages for the next request in the request matrix 28 stored 
in the message-request memory 14. 

If Goldberg's constraint is satisfied, the request being 20 
process is retained in the terminal-and-duration matrix 
and the request -matrix processor 18 then again performs 
the routine 40 of computing the durations of the mes- 
sages for the next request in the request matrix 38 stored 
in the message-request memory 14. 25 

In addition to the message requests from the user 
terminals, the request matrix 28 includes message re- 
quests generated by the control terminal 10 itself for 
assigning time slots for transmitting the control infor- 
mation from the control terminal to the different groups JO 
of user terminals. These message request for transmit- 
ting the control information are accorded a high pro- 
cessing priority by the request-matrix processor 18. 

Only a limited number of time slots and throughput 
are allocated for each of the organizations, and once 35 
such limit for a given organization is reached, process- 
ing of further message request by that given organiza- 
tion is suspended by the request-matrix processor 18 
until the message requests by the other organizations 
within their allocation limits and the message requests 40 
for transmitting the information have been processed. 

At the lowest priority, the request matrix 28 further 
includes message requests generated by the control 
terminal 10 for assigning time slots in which the user 
terminals can transmit message requests to the control 45 
terminal 10. A common block of time slots for transmit- 
ting message requests is assigned to a predetermined 
group of user terminals, with different common blocks 
of time slots for transmitting message requests being 
assigned to different predetermined groups of user ter- 50 
minals. This assignment scheme is an improvement over 
an Aloha scheme since the control terminal can make 
such assignments based on previous history or a priori 
knowledge of user access requirements. The Aloha 
scheme is described in Abramson, 'The Aloha Sys- 55 
lem — Another Alternative for Computer Commimica- 
tion'\ Proceedings of the API PS Fall Joint Computer 
Conference, Vol. 37, 1970. 281-285. Even if the control 
terminal has no a priori knowledge, this scheme is better 
than the Aloha scheme since having the user terminal 60 
select a random number is equivalent to the control 
terminal select a random number and giving it to the 
user terminal. The advantage of the selection being 
made by the control terminal is that the control terminal 
knows which of the time slots will not be accessed in 65 
response to a message request, whereby such times slots 
are available for sending message requests. In addition 
the control terminal can reduce the chances for colli- 



sions of simultaneously transmitted message requests by 
uniformly distributing the number of user terminals 
assigned to a block of time slots for transmitting mes- 
sage requests. 

After the request-matrix processor 18 has completed 
processing the message requests in the request matrix 28 
and thereby selected a set of message requests for sched- 
uling of access assignments, the selected set of message 
requests 30 is processed by the selected-requests proces- 
sor 20, as described above. 

The operational concepts associated with the multi- 
carrier DAMA communication system described herein 
are discussed in a paper by G. M. Engel and E. F. 
Smith, entitled "Multiple Channel Demand Assignment 
Multiple Access (DAMA) System Design For UHF 
MILSATION". published by the American Institute of 
Aeronautics and Astronasutics. Inc. In 1990 (need cite), 
the entire disclosure of which is incorporated herein by 
reference thereto. 

The system of the present invention provides efficient 
scheduling of non-homogeneous networks of user ter- 
minal modems. Full and half duplex constraints are 
supported simultaneously, with mixtures of half-duplex 
and full duplex modems. 

The system of the present invention also schedules 
messages between modems that don't have identical 
capabilities but have at least one common modulation 
scheme, code rate and burst preamble; shares resources 
across networks of incompatible modems; and sched- 
ules messages on multiple channels, which may have 
varying bandwidth limiutions (i.e. supporu pooling of 
5 and 25 Khz carriers). This last feature can be used to 
optimize the number of channels in networks having 
user terminals with less robust capability. 

The system of the present invention also distributes 
pooled resources in accordance with predetermined 
allocations for the different organizations first and then 
allocates the remaining time slots as needed. 

We claim: 

1. A system for assigning to given user terminals in a 
multiple-user communication system access to time 
slots of a time frame within which to transmit messages 
identified in message-access requests from different 
given user terminals, comprising 

means for storing a plurality of message-access re- 
quests from different given user terminals; 
means for first processing the stored message-access 
requests to schedule the identified messages for 
transmission in accordance with predetermined 
priority constraints, in accordance with informa- 
tion contained in the message-access requests iden- 
tifying transmission parameters of the respective 
identified messages and in accordance with the 
number of available time slots to thereby select a 
set of the respective messages for access-assign- 
ment to the available time slots; and 
means for subsequently processing the message- 
access requests for the selected set of messages to 
assign access to different combinations of the time 
slots for respectively transmitting the different 
messages of the selected set of messages; 
wherein the user terminals are associated with differ- 
ent organizations, with some organizations being 
associated with more than one of the user terminals 
and wherein the message-access requests identify 
the organization associated with the user terminal 
and indicate a priority set by the organization for 
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processing the message-access requests of the iden- 
tified organization; 

wherein the processing means son the message* 
access requests and arranges the sorted requests for 
storage in the storing means in accordance with S 
said indicated priorities; and 

wherein the processing means process a matriii of the 
highest priority stored message-access requests 
from the different identified organizations when 
selecting the set of the respective messages that are 10 
selected for access-assignment to the available time 
slots. 

2. A system for assigning to given user terminals in a 
multiple-user communication system access to time 
slots of a time frame within which to transmit message IS 
identified in message-access requests from different 
given user terminals, wherein some of the user terminals 
do not have the capability of simultaneously transmit- 
ting and receiving, the system for assigning comprising 

means for storing a plurality of message -access re- 20 
quests from different given user terminals; 

means for first processing the stored message-access 
requests to schedule the identified messages for 
transmission in accordance with predetermined 
priority constraints, in accordance with informa- 25 
tion contained in the message-access requests iden- 
tifying transmission parameters of the respective 
identified messages and in accordance with the 
number of available time slots to thereby select a 
set of the respective messages for access-assign- 30 
mem to the available time slots; and 

means for subsequently processing the message- 
access requests for the selected set of messages to 
assign access to difTercni combinations of the time 
slots for respectively transmitting the different 35 
messages of the selected set of messages; 

wherein the processing means processing the mes- 
sage-access requests to select the set of the respec- 
tive messages that are selected for access-assign- 
ment to the available time slots in accordance with 40 
the combined computed durations of those selected 
messages that are transmitted between a plurality 
of the given user terminals not exceeding Gold- 
berg's constraint. 

3. A system for assigning to given user terminals in a 45 
multiple-user communication system access to lime 
slots of a time frame within which to transmit messages 
identified in message-access requests from different 
given user terminals, comprising 

means for storing a plurality of message-access re- 50 
quests from different given user terminals; 

means for processing the stored message-access re- 
quests to schedule the identified messages for trans- 
mission in accordance with information contained 
in the message-access requests identifying transmis- 55 
sion parameters of the respective identified mes- 
sages and in accordance with the number of avail- 
able time slots by assigning access to different com- 
binations of the time slots for respectively transmit- 
ting different messages identified by the processed 60 
message-access requests; and 

means for transmitting assignment information to the 
given user terminals identifying the time slots for 
which access has been assigned for the respective 
given user terminals, with the assignment informa- 65 
tion for a predetermined group of given user termi- 
nals being transmitted during a common block of 
time slots, and with the assignment information for 
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different predetermined groups of user terminals 
being transmitted non-simultaneously to the differ- 
ent predetermined groups of user terminals; 
wherein the transmitting means simultaneously trans- 
mits to all of the given predetermined groups of 
user terminals information indicating the respective 
times when the assignment information will be 
transmitted for each of the different predetermined 
groups of user terminals. 

4. A multi-user communication system including a 
plurality of user terminals and a control terminal that 
communicate with each, wherein the control terminal 
includes means for assigning to given user terminals 
access to time slots of a time frame within which to 
transmit messages identified in message-access requests 
from different given user terminals, wherein some of the 
user terminals do not have the capability of simulta- 
neously transmitting and receiving, said means for as- 
signing comprising 

means for storing a plurality of message-access re- 
quests from different given user terminals; 

means for processing the stored message-access re- 
quests to schedule the identified messages for trans- 
mission in accordance with predetermined priority 
constraints, in accordance with information con- 
tained in the message-access requests identifying 
transmission parameters of the respective identified 
messages and in accordance with the number of 
available time slots to thereby select a set of the 
respective messages for access-assignment to the 
available time slots; and 

means for processing the message-access requests for 
the selected set of messages to assign access to 
different combinations of the time slots for respec- 
tively transmitting the different messages of the 
selected set of messages; 

wherein the processing means process the message- 
access requests to select the set of the respective 
messages that are selected for access-assignment to 
the available time slots in accordance with the 
combined computed durations of those selected 
messages that are transmitted between a plurality 
of the given user terminals not exceeding Gold- 
berg*s constraint. 

5. A multi-user communication system including a 
plurality of user terminals and a control terminal that 
communicate with each, wherein the control terminal 
includes means for assigning to given user terminals 
access to time slots of a time frame within which to 
transmit messages identified in message-access requests 
from different given user terminals, said means for as- 
signing comprising 

means for storing a plurality of message-access re- 
quests from different given user terminals; 

means for processing the stored message-access re- 
quests to schedule the identified messages for trans- 
mission in accordance with predetermined priority 
constrains, in accordance with information con- 
tained in the message-access requests identifying 
transmission parameters of the resp>ective identified 
messages and in accordance with the number of 
available time slots to thereby select a set of the 
respective messages for access-assignment to the 
available time slots; and 

means for processing the message-access requests for 
the selected set of messages to assign access to 
different combinations of the time slots for respec- 
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lively transmitting the difTerciit messages of the 
selected set of messages; 

wherein the user terminals are associated with differ- 
ent organizations, with some organizations being 
associated with more than one of the user terminals 
and wherein the message-access requcsu identify 
the organization associated with the user terminal 
and indicate a priority set by the organization for 
processing the message-access requests of the iden- 
tified organization. 

wherein the processing means sort the message- 
access requests and arranges the sorted requests for 
storage in the storing means in accordance with 
said indicated priorities; and 

wherein the processing means process a matrix of the 
highest priority stored message-access requests of 
the identified organizations when selecting the set 
of the respective messages that arc selected for 
access-assignment to the available time slots. 

6. A multi-user communication system including a 
plurality of user terminals and a control terminal that 
communicate with each, wherein the control terminal 
includes means for assigning to given user terminals 
access to time slots of a time frame within which to 
transmit messages identified in message-access requests 
from different given user terminals, said assigning 
means comprising 

means for storing a plurality of message-access re- 
quests from different given user terminals; 

means for processing the stored message-access re- 
quests to schedule the identified messages for trans- 
mission in accordance with information contained 
in the message-access requests identifying transmis- 
sion parameters of the respective identified mes- 
sages and in accordance with the number of avail- 
able time slots by assigning access to different com- 
binations of the time slots for respectively transmit- 
ting different messages identified by the processed 
message-access requests; and 

means for transmitting assignment information to the 40 
given user terminals identifying the time slots for 
which access has been assigned for the respective 
given user terminals, with the assignment informa- 
tion for a predetermined group of given user termi- 
nals being transmitted during a common block of 45 
time slots, and with the assignment information for 
different predetermined groups of user terminals 
being transmitted non-simultaneously to the differ- 
ent predetermined groups of user terminals; 

wherein the transmitting means simultaneously trans- 50 
mits to all of the given predetermined groups of 
user terminals information indicating the respective 
limes when the assignment information wDl be 
transmitted for each of the different predetermined 
groups of user terminals. 55 

7. A system for assigning to given user terminals in a 
muhiple-uscr communication system access to time 
slots of a time frame within which to transmit messages 
identified in message-access requests from different 
given user terminals, wherein different predetermined 60 
groups of the user terminals have respectively different 
common link qualities, comprising 

means for storing a plurality of message-access re- 
quests from different given user terminals; 

means for processing the stored message-access re- 
quests to schedule the identified messages for trans- 
mission in accordance with information contained 
in the message-access requests identifying transmis- 
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sion parameters of the respective identified mes- 
sages and in accordance with the number of avail- 
able time slots by assigning access to different com- 
binations of the time slots for respectively transmit- 
ting different messages identified by the processed 
message-access requests; and 
means for transmitting assignment information to the 
given user terminals identifying the time slots for 
which access has been assigned for the respective 
given user terminals, with the assignment informa- 
tion for a predetermined group of given user termi- 
nals having a common link quality being transmit- 
ted during a common block of time slots, and with 
the assignment information for different predeter- 
mined groups of user terminals having respectively 
different common Unk qualities being transmitted 
non-simultaneously to the different predetermined 
groups of user terminals. 

8. A system for assigning to given user terminals in a 
multiple-user communication system access to time 
slots of a time frame within which to transmit messages 
identified in message-access requests from different 
given user terminals, wherein different predetemnined 
groups of the user terminals share respectively different 
common crypto keys, comprising 

means for storing a plurality of message-access re- 
quests from different given user terminals; 

means for processing the stored message-access re- 
quests to schedule the identified messages for trans- 
mission in accordance with information contained 
in the message-access requests identifying transmis- 
sion parameters of the respective identified mes- 
sages and in accordance with the number of avail- 
able time slots by assigning access to different com- 
binations of the time slots for respectively transmit- 
ting different messages identified by the processed 
message-access requests; and 

means for transmitting assignment information to the 
given user terminals identifying the time slots for 
which access has been assigned for the respective 
given user terminals, with the assignment informa- 
tion for a predetermined group of given user termi- 
nals sharing a common crypto key being transmit- 
ted during a common block of time slots, and with 
the assignment information for different predeter- 
mined groups of user terminals sharing respec- 
tively different common crypto keys being trans- 
mitted non-simultaneously to the different prede- 
termined groups of user terminals. 

9. A multi-user communication system including a 
plurality of user terminals and a control terminal that 
communicate with each other, wherein the control 
terminal includes means for assigning to given user 
terminals access to time slots of a time frame within 
which to transmit messages identified in message-access 
requests from different given user terminals, and 
wherein different predetermined groups of the user 
terminals have respectively different common link qual- 
ities, said assigning means comprising 

means for storing a plurality of message-access re- 
quests from different given user terminals; 

means for processing the stored message-access re- 
quests to schedule the identified messages for trans- 
mission in accordance with information contained 
in the message-access requests identifying transmis- 
sion parameters of the respective identified mes- 
sages and in accordance with the number of avail- 
able time slots by assigning access to different com- 
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binalions of the time slots for respectively transmit- 
ting difTerent messages identified by the processed 
message-access requests; and 
means for transmitting assignment information to the 
given user terminals identifying the time slots for 5 
which access has been assigned for the respective 
given user terminals, with the assignment informa- 
tion for a predetermined group of given user tenni- 
nals having a common link quality being transmit- 
ted during a common block of time slots, and with 10 
the assignment information for different predeter- 
mined groups of user terminals having respectively 
different common link qualities being transmitted 
non-simultaneously to the different predetermined 
groups of user terminals. 15 
10. A multi-user communication system including a 
plurality of user terminals and a control terminal that 
communicate with each other, wherein the control 
terminal includes means for assignmg to given user 
terminals access to time slots of a time frame within 20 
which to transmit messages identified in message-access 
requests from different giveii user terminals, and 
wherein different predetermined groups of the user 
terminals share respectively different common crypto 
keys, said assigning means comprising 25 



16 

means for storing 4 plurality of message-access re- 
quests from different given user terminals; 

means for processing the stored message-access re- 
quests to schedule the identified messages for tr^- 
mission in accordance with information contained 
in the message-access requests identifying transmis- 
sion parameters of the respective identified mes- 
sages and in accordance with the number of avail- 
able time slots by assigning access to different com- 
binations of the time slou for respectively transmit- 
ting different messages identified by the processed 
message-access requests; and 

means for transmitting assignment information to the 
given user terminals identifying the time slots for 
which access has been assigned for the respective 
given user terminals, with the assignment informa- 
tion for a predetermined group of given user termi- 
nals sharing a common crypto key being transmit- 
ted during a conmion block of time slots, and with 
the assignment information for different predeter- 
mined groups of user terminals sharing respec- 
tively different common crypto keys being trans- 
mitted non-simultaneously to the different prede- 
termined groups of user terminals. 
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